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Abstract 


Original Research Article | 


Objective: The objective of the study was to find various factors involved in enoxaparin therapy in South Indian 
patients. Materials & Methods: A retrospective data analysis was carried out over six months and 203 patients 
received enoxaparin therapy were included for the study. All patient’s data (patient demographic, past medical and 
medication history, and complaints on admission, laboratory parameters and medication treatment) were collected 
from the patient’s medical records. Results: The mean age group of the study population was found to be 55.1+13.3 
(95% CI 53.23 — 57.03) years. The mean enoxaparin dose to reach mean aPTT was found to be 2.1+1.2 ml (95% CI 
1.89- 2.25). The mean duration of heparin therapy was 3.6 days and the time to reach aPTT was found to be 2.8 days. 
The average first value of aPTT was found to be 31.945.9 (95% 31.11 - 32.68) sec. The mean enoxaparin dose 
significantly differed between patients with different BMI groups (p<0.001). Stepwise univariate and multivariate 
linear regression analysis revealed that weight (kg) was the major determinant (20.6%) followed by time to reach 
target aPTT (12.2%) systolic blood pressure (2.2 %), Serum creatinine (2.0%) and Blood Urea Nitrogen (1.7%) were 
the other determinants of enoxaparin dose requirements (linear regression model p<0.001). Conclusion: The major 
determinants of enoxaparin (LMWH) dose requirements were patients’ body weight and time to reach the required 
aPTT levels, considering these factors before starting enoxaparin will improve anticoagulation outcomes in patients 


undergoing various surgeries. 
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INTRODUCTION 


Thromboembolism is a common _life- 
threatening condition among patients undergoing 
various surgeries (cardiovascular, neurological, total 
knee and hip arthroplasty and various other Surgeries) 
[1-3]. Anticoagulation is recommended for the 
prevention of thrombosis and patients at high risk [4]. 
The risk of venous thromboembolism is high due to 
increased activation of a blood coagulation system, 
which leads to a hyper-coagulation or risk of vascular 
blood clotting [5]. Anticoagulation with standard 
therapeutic doses significantly reduces the rate of 
recurrent thromboembolism and reduce morbidity [6]. 
Further, the risk associated with thrombosis can be 
reduced by the optimal use of anticoagulant as 
prophylactic therapy [7, 8]. 





Enoxaparin is LMWH _ used frequently in 
intensive care units [9]. LMWH or Vitamin K inhibitors 
were the first-line treatment for patients with pulmonary 
embolism [10]. LMWH preferred over other oral 
anticoagulants (coumarin derivatives) for preventing 
recurrent severe venous’ thromboembolism and 
thromboembolic events [9]. Merely, heparin is widely 
used as a reversible anti-coagulant in cardiovascular 
surgeries [11]. Further, unfractionated heparin is also 
used as an anti-inflammatory agent in sepsis [12]. 
Heparin shows several advantages over LMWH such as 
less cost, easy to monitor, and has a simple reversal 
effect, however, it may cause severe bleeding than 
LMWH [12]. However, LMWH _ showed = superior 
efficacy over unfractionated heparin for the prevention 
and treatment of thromboembolism [13]. 
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It is very essential to monitor various 
anticoagulant parameters with heparin therapy, also 
during long-term treatment with co-administration of 
oral anticoagulants, other platelet inhibitors, and, anti- 
inflammatory agents (NSAIDs) [14]. For effective 
anticoagulation and prevention of thromboembolism, 
measuring anti-Factor Xa (Anti-Xa) levels and activated 
partial thromboplastin time (aPTT) were recommended, 
however, anti-Xa leads less frequently used to monitor 
[15]. Achieving optimal anticoagulation with required 
aPTT is depending on several factors [16]. In this study, 
we have anticipated evaluating the association of 
various factors determining the aPTT values and 
enoxaparin dose requirement. 


MATERIALS AND METHODS 


The study was carried out in the department of 
cardiology in a tertiary care hospital located at Chennai, 
for six months after obtaining prior permission from the 
institutional committee. A retrospective data collection 
was carried out in 203 patients who were received 
enoxaparin therapy. Patient’s data were collected from 
their case records. Patients' data were included based on 
the administration of enoxaparin for their clinical 
conditions (pre- and post-operative), aPTT value and 
enoxaparin dose, time to achieve the required aPTT 
value calculated from their baseline aPTT value. 
Patients’ data with a history of psychiatric conditions, 
liver and renal complications, and the patient went for 
organ transplantation were excluded from the analysis. 
Also excluded patient data who had received any drug 
potentially interacting drugs with enoxaparin after the 
surgery. 


The coagulation profile was noted and 
recorded for each patient from the case record. The 
trade names of drugs were decoded into generic names 
and classified based on the pharmacological class that 
included enoxaparin other concomitant drugs. Patients 
aPTT values after the surgery to maintain the 
enoxaparin dose was noted. Average aPTT was 
calculated from the three consecutive values after the 
surgery. Enoxaparin required dose was calculated based 
on their dose multiplied with total days and number of 
times administration for maintaining the required aPTT 
after the surgery. 


STATISTICAL ANALYSIS 

Data were analyzed using SPSS trial version 
20.0 and GraphPad Instat version 3.0. All data were 
expressed as mean + S.D with a 95% confidence 
interval. Variations or changes in aPTT were compared 
between the patients’ group using a student paired t-test. 
aPTT variability within the group before and after a set 
point was compared by paired t-test. The Enoxaparin 
mean dose was compared among the patients based on 
the BMI category (underweight, normal, overweight, 
and obese). Kruskal Wallis test was used to compare all 
the groups and a comparison of two groups was done by 
using the non-parametric Mann Whiney U test. 


Univariate and multivariate stepwise linear regression 
analysis was used to find the association of various 
factors with aPTT values and enoxaparin doses and 
other variables. For linearity, the enoxaparin dose was 
converted into a logarithmic dose as the dependent 
variable. All other parameters (age, height, weight, 
BMI, time to reach aPTT, other lab values) were coded 
as the independent variable. For all statistical analyses, 
p-value <0.05 was viewed as statistically significant. 


RESULTS 

The study was included 203 patients’ case 
charts, however, 189 (87%) patient’s data included for 
analysis. Patients received a combination of LMWH 
and heparin and missing or incomplete data were 
excluded for analysis (13%). The percentage of male 
and female ratio was found to be 61:39 and 42% of 
patients were within the age group of 50-59 years. The 
average age of the population was found to be 
55.1+13.3 (SD) years. The mean duration of stay of the 
total cohort was found to be 6.7+3.8 days. All patients’ 
demographic details and various laboratory 
investigations such as blood glucose analysis, renal 
parameters, hematological, and liver parameters were 
analyzed (Table-1). We have observed that 40% of 
patients were obese (=25) as per the Indian BMI scale. 
The major reason for enoxaparin anticoagulation 
therapy = was patients with cardiovascular 
complications/surgery (62%), coronary artery disease 
(CAD) with double vessel disease (DVD) (13.4%), 
myocardial infarction (MI) (12.4%), triple vessel 
disease (TVD) (12%), acute coronary syndrome (ACS) 
(10.6%) single-vessel disease (SVD) (9.7%), and atrial 
fibrillation (4.2%). Patients’ blood coagulation profile 
was analyzed (Table.2). The mean aPTT of the total 
population with enoxaparin therapy was found to be 
31.8+4.3 sec. The time to reach the first required aPTT 
was found to be 2.8+1.1 days. Variations or changes in 
the aPTT was analyzed. The mean aPTT variation was 
found to be 0.93+1.34 sec. The difference in the aPTT 
variation among the various dose group (40mg, 60mg, 
80mg, and 120mg) of enoxaparin was calculated and 
compared from the first value of the aPTT and after 24 
hours the second value of the aPTT. There was a 
significant increase in aPTT (Table-3). Among the total 
cohort were categorized based on _ systolic blood 
pressure into prehypertensive 120-139 mmHg (43%), 
grade 1 hypertension 140-159 mmHg (22%), grade 2 
hypertension >160 mmHg (17%), and 18% patients had 
normal blood pressure (<120 mmHg). The enoxaparin 
dose among different groups based on BMI was 
compared (Figure-1). The association of various factors 
contributing to the enoxaparin dose requirement was 
analyzed by linear regression analysis (Table. 4). The 
significant factors (p<0.05) from univariate analysis 
were included for multivariate linear regression 
stepwise analysis (Table-5). The multivariate regression 
model revealed that weight was mostly associated with 
LMW enoxaparin dose (20.6%), followed by time to 
reach required aPTT (12.2%) as the second most 
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predictor. Other factors (4.7%), Systolic BP (mmHg) bleeding (3%), and bleeding with thrombocytopenia 


(2.2%), serum creatinine (2.0%), Blood Urea Nitrogen (1%)). However, there is no correlation observed with 
(1.7%) were contributed to a total 38.7% dose adverse drug reaction and any other factors no 
variability. In the present study, an 8% adverse drug significant association observed with enoxaparin dose 
reaction was reported (thrombocytopenia (4%), (p>0.05). 


Table-1: Patient demographics and laboratory value details (n=1 
PARAMETERS 95 CI (%) 
Age (years) 53.23 — 57.03 
Gender (Male and Female) (%) 54.67 - 67.52, 32.48 - 45.33 
Height (cm) 160.7 - 163.01 
Weight (Kg) 62.25- 65.91 


BMI (kg/m*) 24.3+3.93 23.74 — 24.86 


Systolic BP (mmHg) 133.56 - 141.45 
Diastolic BP (mmHg) 78.33 - 82.30 
Pulse Rate (bpm) 83.67 - 88.72 
Respiratory Rate (bpm) 20.82 - 22.37 
Temperature (°F) 98.70 - 98.89 
Duration of Stay (days) 6.19 - 7.20 
Smoking (%) 12.43 - 26.20 
Triglycerides (mmol/L) 162+68.1 152.8 - 171.1 
LDL (mmol/L) 117.5437.4 | 112.4 - 122.5 
HDL (mmol/L) 38.5+16.8 36.25 - 40.74 
VLDL (mmol/L) 25.7411.9 24.10 - 27.29 
Renal parameter 
Serum Creatinine (mg/dL) 
Blood Urea Nitrogen (mg/dL) 
Liver parameter 
AST/ SGOT (IU/L) 
ALT/ SGPT (U/L) 
ALP (IU/L) 
GGT (U/L) 
Total (mg/dL) 
Direct (mg/dL) 
Indirect (mg/dL) 
Total Protein (g/dL) 
Albumin (g/dL) 
Globulin (g/dL) 
Hematological parameters 
RBC (cells/uL) 
Hemoglobin (g/dL) 
Total Count (mcL) 9.9+4.1 9.35 - 10.44 
Platelet (10°/ml) 252.8499.5 | 239.4 - 266.1 
MCH (p/cells) 26./+6.5 27.83 - 29.56 


3 
ts) 
SS 

\o 
— 


1.240.953 
17.44+14.3 


1.07 - 1.32 
15.48 - 19.31 


28.14+54.1 
127.3+613.3 
83.9+45.1 
50.3+63.7 
L112 
0.4+1.4 
0.6+0.7 
7.3+1.0 
3.4+0.7 
3.8+1.0 


20.9 - 35.37 
45.2 - 209.3 
77.86 - 89.93 
41.77 - 58.82 
0.93 - 1.26 
0.21 - 0.58 
0.50 - 0.69 
7.16 - 7.43 
3.30 - 3.49 
3.66 - 3.93 


4.742.6 
12.4+2.4 


4.35 - 5.04 
12.07 - 12.72 
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Table-2: Coagulation Profile (n=189) 


MEAN:SD 
31.945.9 


Mean aPTT of total population (sec) 31.20-32.44 


Table-3: Fluctuation of aPTT with enoxaparin dose (n=189) 


Group based on dose (mg) 1° aPTT (Mean+SD) (95% CI) | 2™ aPTT (Mean+SD) (95% CI) 





Enoxaparin 40 mg 30.043.7 (29.4-31.2) 31.343.8 (30.4-32.2) 
Enoxaparin 60 mg 32.345.1 (30.5-34.2) 33.345.1 (31.4-35.1) 
31.745.1 (29.9-33.5) 32.7+4.7 (31.1-34.4) 


Enoxaparin 80 mg 
Enoxaparin 120 mg 31.8+4.2 (30.6-33.1) 32.6+4.2 (31.4-33.8) 





All enoxaparin dose groups compared after 24 hours of the first and second aPTT values, paired ‘t’ test was used for 
comparison and p<0.0001 for all analysis. 


Table-4: Univariate analysis of various parameters with required enoxaparin dose (n=189) 


. 
| 
. 
. 


| 6 | Blood Urea Nitrogen (mg/dL) 0.268 0.072 <0.001 
Time to reach aPTT (days) 0.350 0.123 <0.0001 


_S.INo | Independent variable | BU 

ae ares 

, <0.0001 
| <0.0001 








. 

7 

| 6 | Serum Creatinine(mg/dL) | -0.068_| 0. 
“Predictors: (Constant), Weight (kg) ‘ Predictors: (Constant), Weight (kg), Time to reach 
» Predictors: (Constant), Weight (kg), Time to reach aPTT, Systolic Blood Pressure (mmHg), Blood Urea 
aPTT Nitrogen (mg/dL) 
~ Predictors: (Constant), Weight (kg), Time to reach © Predictors: (Constant), Weight (kg), Time to reach 
aPTT, Systolic Blood Pressure (mmHg) aPTT, Systolic Blood Pressure (mmHg), Blood Urea 


Nitrogen (mg/dL), Serum Creatinine 
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Figure-1: Comparison of required enoxaparin dose to reach aPTT based on patients BMI category (n=189) 
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In Figure 1, box and whisker plots showing the 
distribution of enoxaparin dose based on BMI groups. 
Box and Median interquartile range (2.5-97.5 
percentile), the vertical line above and below boxes 
minimum and maximum values, respectively, the 
number above the whisker mean value+ standard 
deviation. The groups were compared by the non- 
parametric Mann Whitney U test (P<0.001). 


DISCUSSION 
The major risk factors associated with 
anticoagulation therapy was bleeding or 


thrombocytopenia or severe adverse drug event. If the 
optimal dose or anticoagulation isn't adequate results in 
failure of therapy and risk of developing 
thromboembolism. Parental anticoagulation therapy 
adequately required continuous monitoring of aPTT, 
anti-factor Xa, and in the case of oral anticoagulant 
therapy prothrombin time (PT) and _ international 
normalized ratio (INR) were frequently monitored [16]. 
Different types of heparin were used as parenteral 
anticoagulants [17], unfractionated heparin, and low 
molecular weight heparin (LMWH) were most widely 
used. Heparin was utilized in combination with LMWH 
for improving aPTT levels [17]. However, LMWH has 
largely been used as front-line therapy instead of 
unfractionated heparin, due to its superior efficacy for 
the prevention of thrombosis [18]. In our present study, 
enoxaparin (LMWH) was mostly prescribed for 
cardiovascular surgery and other clinical condition. As 
age increased, elderly patients may have altered 
coagulation profiles [19]. The major category of 
patients based on age group was found to be 50-59 
years old, as age increases morbidity increased, 
specifically in this study many patients underwent for 
cardiovascular surgeries. Previous’ studies have 
demonstrated that age was associated with altered 
heparin dosing [20]. However, in the present study, 
we've not found the influence of age on enoxaparin 
dose. Weight-based dose adjustment was recommended 
based on many guidelines [20,21]. However, there has 
been a shred of lack of evidence for the influence of the 
bodyweight over the enoxaparin dose. However few 
studies have evidenced that the body weight-based 
therapy significantly improves the anticoagulation 
therapy and dose adjustment was made considering age 
and BMI [20]. We've observed that BMI also a serious 
determinant and patients within the higher BMI (obese) 
required a higher dose of enoxaparin. Also, we've 
observed a BMI range of the total study cohort and 
found that (40%) of patients were obese (=25). 


A previous study demonstrated that including 
age and BMI into a weight-dependent dose predictive 
model, shown that heparin dosing equation had a 
significantly higher correlation with the predicted 
therapeutic dose than empiric, weight-based dosing 
alone. However, studies had demonstrated that weight- 
based dosing accounts for about 30% of dosing 
variability, the remaining 70% was unaccountable and 


cause initial dosing difficult to predict [20, 21]. Further, 
when patients received, unfractionated heparin reported 
that initiating a dose based on BMI increased the 
predictive value of the initial dosing [21]. 


In the present study, we've observed that 82% 
of patients were either pre or hypertensive. While 
analyzing the result we've found that systolic blood 
pressure was also a contributing factor for the 
enoxaparin dose requirement (2.2%), however, we 
couldn’t correlate the exact mechanism, the previous 
study demonstrated that the usage of heparin 
significantly reduces hypertension probably due to 
blood-thinning effect. Further renal parameters in our 
present study were observed normal, however, there's a 
good correlation observed with enoxaparin dose and 
serum creatinine (2%). Previous studies reported that 
there's an indirect correlation with serum creatinine and 
there was a risk of increased serum creatinine during 
anticoagulation therapy [22, 23]. Our study was in 
agreement with the previous study; serum creatinine 
inversely correlated and reduces the enoxaparin dose 
requirement. Further, the protein level albumin, 
globulin, and total protein weren't significantly related 
to the enoxaparin dose. The bleeding time was very low 
than the normal range and clotting time indicates a 
slightly high level than the normal range. 


The major factor determining the dose of 
enoxaparin was time to reach in required aPTT. In the 
present study, the time to reach in aPTT above the 
normal was noted as the first aPTT above normal. 
However, the patient required enoxaparin dose was two 
days (48 hours). Further, we've observed that there's a 
significant increase in aPTT level when continuing the 
dose and frequency of administration. This results in 
coagulation therapy with significant adverse enoxaparin 
effect (bleeding, thrombocytopenia, etc.,), hence the 
dose or frequency was reduced [24]. There was no 
association with any factors and enoxaparin dose, to 
manage adverse drug reaction the dose was reduced and 
adjusted and platelet count was monitored. However, 
several factors weren't related to the enoxaparin dose. 
Patients with chronic renal failure may require 
monitoring anti-factor Xa because renal dysfunction 
may prolong the half-life of low-molecular-weight 
heparin due to elimination dysfunction. Studies were 
reported that anti-factor Xa is more accurate but not 
stable, also the value of testing is going to be more 
costly, and frequent monitoring increases the burden to 
patients [15, 25]. Patients with concomitant medication 
after the surgery with enoxaparin were at higher risk of 
developing adverse drug reactions due to higher 
interacting property of enoxaparin. Various drugs with 
enoxaparin can cause bleeding [26, 27]. 


The limitation of the present study we have 
conducted in a retrospective data analysis to observe the 
effect of various factors. However, a comparison of the 
coagulation factors at each time point and correlation of 
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incremental dose and aPTT change was not established. 
In the present regression model, only 38% of 
correlation was observed, the remaining 62% of the 
variation was unaccounted. Further prospective studies 
and randomized controlled studies provide a more 
accurate correlation of various factors. 


Patients receiving enoxaparin therapy require 
continuous monitoring and the dose will be adjusted 
considering patients’ body weight, time to reach the 
normal aPTT levels, patients' serum creatinine level, 
and blood urea nitrogen may be monitored to improve 
the prediction of enoxaparin dose in south Indian 


patients and = prevent anticoagulant associated 
complications. 
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